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(54) METHOD FOR SYNTHESIZING NUCLEIC ACID 

(57)Abstract: 

PROBLEM TO BE SOLVED: To synthesize a nucleic acid promptly and accurately. 
SOLUTION: In this method for synthesizing the nucleic acid, the nucleic acid is 
synthesized without protecting a base part thereof, and nucleotides are subjected to a 
condensation reaction in the presence of a proton donor. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The synthesis method of the nucleic acid characterized by being the 
approach of compounding the nucleic acid concerned, without protecting the base 
part of a nucleic acid, carrying out the condensation reaction of the nucleotides and 
carrying out phosphoric ester association under existence of a proton donor. 
[Claim 2] The approach according to claim 1 that electric dissociation exponent of 
said proton donor is characterized by being 3.6 or less. 

[Claim 3] An approach given in claim 1 or the 2nd term characterized by said proton 
donor being at least one sort chosen from 4-hitrobenzimidazole truffe RATO, 
4-nitro-6-(trifluoromethyl) benzotriazol-1-oar, or the group that consists of triazole 
truffe RATO. 

[Claim 4] An approach given in any 1 term of one to claim 3 term characterized by 
performing said condensation reaction by the liquid phase. 

[Claim 5] An approach given in any 1 term of one to claim 3 term characterized by 
performing said condensation reaction by solid phase. 
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[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the synthesis method of 
the nucleic acid which compounds the nucleic acid concerned, without protecting the 
base part of a nucleic acid about the synthesis method of a nucleic acid. 
[0002] 

[Description of the Prior Art] The synthesis method of a nucleic acid is a technique 
which compounds a nucleic acid artificially, for example, in case it compounds a 
certain specific DMA primer artificially, it is a required technique. Moreover, if PGR is 
used, the target gene can also be amplified using an artificial DMA primer. 
[0003] The main point of nucleic acid biosynthesis is activating the phosphoric-acid 
radical of the nucleotide which attached the protective group, and carrying out 
phosphoric ester association with the hydroxyl group of other nucleotides. 
[0004] By current, the phosphorousaminodite method is well known as a synthesis 
method of a nucleic acid. A phosphorousaminodite method is a kind of a solid phase 
technique, and is the approach of simplifying isolation of synthetic intermediate field 
by combining a nucleotide with solid-states (base material), such as polystyrene, and 
carrying out chain expanding of it. The reagent which used this approach for the 
reaction, a superfluous nucleotide, etc. have the advantage removed only by washing a 
base material. Finally the specified substance which it is compounded and is attached 
to the base material is separated from a base material, and is refined by the 
chromatography etc. 

[0005] Moreover, the base part non-protected aminodite method which can build a 
DNA oligomer is known for recently under the condition which does not use a 
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protective group for a nucleobase part. 
[0006] 

[ProblemCs) to be Solved by the Invention] However, an above-mentioned 
phosphorousaminodite method is premised on using the protective group of an acyl 
mold for the amino group of the nucleobase section. For this reason, in order to obtain 
the last specified substance, it is necessary to carry out deprotection of this 
protective group, and generally ammoniation of long duration is performed for 
deprotection at 55 degrees C. However, if basic conditions like this ammoniation are 
used, when a target compound is unstable, the specified substance will decompose 
and the fall of synthetic yield and purity will be brought about. 

[0007] Moreover, the glycosidic linkage of the nucleoside by which the base section 
was protected is unstable under an acid condition, and a depurination reaction tends 
to occur by the adenosine and the guanosine as compared with a non-protector. 
[0008] Therefore, it is desirable to compound a nucleic acid without protecting the 
amino group of the base part of a nucleic acid. 

[0009] However, in an above-mentioned non-protected aminodite method, the 
excessive process which carries out cleavage removal of the P-N association which it 
is known also to deoxycytidine (dC) and a deoxyadenosine (dA) base part that a 
condensation reaction will occur, therefore is produced for every cycle as a result of 
this side reaction is needed. In order to have removed P-N association, the process of 
making P-N association of the phosphachill-ized object to the amino group of a base 
part react with the bottom methanol of benzimidazole truffe RATO existence etc. was 
required. However, if such a process is needed, a desired nucleic acid cannot be 
compounded more quickly. Therefore, the approach of compounding a nucleic acid 
more quickly was desired. 

[0010] Then, the purpose of this invention is to offer the approach of compounding a 

nucleic acid quickness and correctly. 

[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
artificers found out that a desired nucleic acid was correctly [ quickly and ] 
compoundable, as a result of compounding various condensing agents and repeating 
research wholeheartedly about a condensation reaction. 

[0012] The synthesis method of the nucleic acid of this invention is the approach of 
compounding the nucleic acid concerned, without protecting the base part of a nucleic 
acid, and is characterized by carrying out the condensation reaction of the 
nucleotides under existence of a proton donor. 
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[0013] In the suitable embodiment of the synthesis method of the nucleic acid of this 
invention, electric dissociation exponent of said proton donor is characterized by 
being 3.6 or less. 

[0014] In the suitable embodiment of the synthesis method of the nucleic acid of this 
invention, said proton donor is characterized by being at least one sort chosen from 
4-nitrobenzimidazole truffe RATO, 4-nitro-6-(trifluoromethyl) benzotriazol-1-oar. or 
the group that consists of triazole truffe RATO. 

[0015] In the suitable embodiment of the synthesis method of the nucleic acid of this 
invention, it is characterized by performing said condensation reaction by the liquid 
phase. 

[0016] In the suitable embodiment of the synthesis method of the nucleic acid of this 
invention, it is characterized by performing said condensation reaction by solid phase. 
[0017] 

[Embodiment of the Invention] The synthesis method of the nucleic acid of this 
invention is the approach of compounding the nucleic acid concerned, without 
protecting the base part of a nucleic acid, and carries out the condensation reaction 
of the nucleotides under existence of a proton donor. In this invention, the proton 
donor was used, without dropping the reactivity to a hydroxy! group, in order that a 
proton donor may perform the condensation reaction of nucleotides smoothly 
because the reaction to a base part was controlled. 

[0018] That is, by using a proton donor, a cytosine, an adenine base, etc. which pose a 
problem by side reaction are protonated, the reactivity of the amino group is lowered, 
and it becomes possible to control the reactivity to a base part. 
[0019] In this invention, a proton donor will not be especially limited, if the reactivity to 
a hydroxyl group is dropped as mentioned above, it does not come and the reaction to 
a base part can be controlled. As a desirable property of a proton donor, it can 
mention that condensation ability is high, that there is no hygroscopicity. that the 
solubility to a reaction solvent is high, etc. 

[0020] Furthermore, electric dissociation exponent of said proton donor can mention 
that it is 3.6 or less as a desirable property, this — the following — as shown in [-izing 
1], protonation of an adenine, a cytosine base. etc. is because it happens by electric 
dissociation exponent3.6 and electric dissociation exponent4.2, respectively. 
[Formula 1] 
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[0021] That is, by using the low activator of electric dissociation exponent for a 
condensation reaction, by protonating a cytosine and an adenine base, the reactivity 
of the amino group is lowered and it becomes possible in this invention to control the 
reactivity to a base part 

[0022] In this invention, electric dissociation exponent of a proton donor is 3.6 or less 
preferably, electric dissociation exponent of a proton donor is three or less still more 
preferably. This is from the viewpoint that the reactivity of the amino group can be 
reduced while strengthening protonation of the base of a nucleic acid with [ electric 
dissociation exponent ] three [ or less ]. 

[0023] Moreover, as a proton donor, 4-nitroben2imidazole truffe RATO, 
4-nitro-6-(trifluoromethyl) benzotriazol-l-oar, or triazole truffe RATO can be 
mentioned from a viewpoint that the capacity to which the condensation reaction 
especially of the nucleotides is carried out is high. 

[0024] The synthetic approach of the nucleic acid of this invention can be performed 
by carrying out the condensation reaction of a nucleoside and/or the nucleotides 
using the proton donor as base part the phosphoroamidite unit and activator which are 
not protected [ so-called ]. A non-protected base part phosphoroamidite unit is 
prepared by performing tritylation of 5' of sugar, and friend DAlTO-ization of 3'. A 
conventional method can be used for these preparation. 

[0025] In this invention, composition of a nucleic acid can be performed by the liquid 
phase and solid phase. First, the case where a nucleic acid is compounded by the 
liquid phase is explained. 

[0026] In a liquid phase process, a condensation reaction can be performed in a 
suitable solvent using the base part phosphoroamidite unit which is not protected 
[ above-mentioned ] and an activator. As a solvent, THF, CH3CN. dioxane, 
dimethoxyethane, DMF and DMA, N-methyl pyrrolidone, etc. can be mentioned. 
Especially reaction temperature is not limited but can perform a condensation 
reaction under a room temperature. 

[0027] Moreover, solid phase support needs to be prepared of a solid phase technique 
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first. Especially solid phase support is not limited but the conventional things, such as 
a solid phase polymer and crystal bead support, can be used for it. A nucleotide is 
combined with solid phase support by the three-dash terminal, and a nucleotide is 
combined in order Association of nucleotides is performed under existence of an 
above-mentioned proton donor and in a suitable solvent. As a solvent, THF, CH3CN, 
dimethoxyethane. dioxane, DMF and DMA, N methyl pyrrolidone, etc. can be 
mentioned. Especially reaction temperature is not limited but can perform a 
condensation reaction under a room temperature. 
[0028] 

[Example] Hereafter, although an example explains this invention still more concretely, 
this invention is not the intention which limits to the following example and is 
interpreted. 

[0029] In example 1 this example, composition of the nucleic acid in the liquid phase 
was tried. 

[0030] When compounding DNA by the synthetic base part non-protected 
phosphoroamidite method of a base part non-protected phosphoroamidite unit. dA 
and dC from which the nucleobase part is not protected, deoxyguanosine (dG), and 
the friend DAITO unit of a thymine (T) are needed. Therefore, composition of the 
nucleoside by which only the 5'-hydroxyl group was first protected by the 
dimethoxytrityl (DMTr) radical was tackled. 

[0031] the hydroxy I group of dA and dC — alternative tritylation is making the trityl 
chloride of an oversmall one react under existence of the dichloroacetic acid of the 
equivalent and triethylamine among a pyridine according to a conventional method 
The trityl object of dA and dC was acquired with 74% and 71% of yield at only 1 
process, respectively (** 2). ** 2 — the hydroxyl group of dA and dC — the reaction 
of alternative tritylation is shown. 
[Formula 2] 



[0032] moreover — the 4-hydroxy pyridine and trityl chloride of an oversmall one are 
even used only for dC among DMF — a hydroxyl group — it turned out that 
alternative tritylation is possible (♦* 3). 3 shows the reaction of hydroxyl-group 
alternative tritylation of dC which used the hydroxy pyridine. 
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[Formula 3] 




[0033] the hydroxyl group of dG — alternative tritylation is more difficult than dA and 
dC. and was not able to use the above technique!, the past — Hayakawa and others — 
the hydroxyl group of dG — alternative tritylation is reported — **** (M.Kataoka, 
Y.Hayakawa, J.Org.Chem., 64.6087(1999).) — even if it performed same actuation, the 
reaction did not advance (** 4). ** 4 shows the reaction of hydroxyl-group alternative 
tritylation of reported dG by Hayakawa and others. 
[Formula 4] 



H (2equiv) (2equiv) (2eqiiiv) (1 equiv) 



imldazDle CH3SOJH Et(iPr)2N DMTr-CI 
^ ^ 1 •■ — ► no feaction 



[0034] Then, if it restricts to dG, although some time and effort is taken, it is 
protecting the amino group of a base part tempbrarily by the protective group of an 
amidine mold, and the trityl object of dG with which the amino group of a base part has 
separated was isolated at 58% (** 5). *♦ 5 shows the reaction of hydroxyl-group 
alternative tritylation of dG. 
[Formula 5] 

(3 equiv) 



(1.1 equiv) 

DifTr^i NH» aq 
— \ ^ DilTi 



6h ^ 



Pyridine rX, ISb 
rX, 12h 

88% 

[0035] Thus, the trityl object of dA, compound dC, and compound dG and the trityl 
object of T compounded separately performed friend DAITOHzation using the chloro 
phosphine, respectively (2-cyano ethyl) (N and N-diisopropylamino). At this time, the 
side reaction of the reagent to the amino group of a base part is controlled by cooling 
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the system of reaction to -78 degrees C (** 6). ** 6 shows the reaction of the 
formation of friend DAITO of a DMTr nucleoside. 
[Formula 6] 



(l.lequiv) (l.5equlv) 




Ad B 92% 
Cy =91% 
Gus:80% 
lh»89% 



[0036] Moreover, in this research, synthetic examination of the oligonucleotide using 
the friend DAITO unit which used the stable mono-methoxytrityl (MMTr) radical for 
the 5'-hydroxyl group somewhat rather than the DMTr radical at the protective group 
at acid conditions is also performed, the conditions as DMTr-izing with the same 
MMTr-izing of a nucleoside — using — dA, dG, dC, and T — it compounded at 75% of 
yield, 81%, 83%, and 93%, respectively, the bases dA, dG, dC, and T of the conditions as 
previously also with the continuing same formation of friend DAITO — it compounded 
at 83% of yield, 71%, 85%, and 94%, respectively. 

[0037] In a synthetic examination of the oligonucleotide of the example 4 mentioned 
later, in order to change the reactivity of the friend DAITO unit itself, the protective 
group of Lynn is changed into a methyl group from a cyano ethyl group, and the 
condensation reaction is performed. The friend DAITO unit from which the protective 
group of this Lynn is a methyl group was compounded with 83% of yield by making a 
chloro [bis(N and N-diisopropylamino)] methoxy phosphine react to the MMTr object 
of dC compounded previously (** 7). As for ** 7, the protective group of Lynn shows 
composition of the friend DAITO unit of a methyl group. 



[Formula 7] 

(l.leqidv) (O.Seqi^v) <0^equiv) 




[0038] an activator — composition — this example — **** — an activator — 
electric dissociation exponent — solubility — hygroscopicity — and — a friend — 
DAITO — a unit — activation — ability — conditions — filling — a compound — 
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inside ~ the following — ( — one — ) - ( — three — ) — a compound — having used . 
Hereafter, the synthesis method of these activators is described. 
[Formula 8] 



[0039] 4-nitro-6-(trifluoromethyl) benzotriazol-1-oar was compounded with 55% of 
yield at three steps by using 1-chloro -2 and 6-dinitro-4-truffe RUOME chill benzene 
as a start raw material, as shown in the following [Hzing 9]. The detail about 
composition is as follows. 

[0040] 4 — it agitated at the room temperature under - nitro-6-(trifluoromethyl) 
benzotriazol-l-all argon atmosphere by dropping gradually the methanol solution 
(30ml) of sodium methoxide (7.5g 130mmol) at the methanol solution (80ml) of 
4-chloro -3 and 5-dinitro benzotrifluoride (20g 74mmol). The hydrochloric-acid water 
solution (100ml) of 2M was added after 30 minutes, and the reaction solution was 
filtered. Filtrates were collected, reduced pressure distilling off of the solvent was 
carried out, and the target solid-state (2, 6-dinitro 4-trifluoro methyl anisole) was 
obtained. 

1H NMR : 4.10 (s and 3H). 8.15 (s and 1H), 8.23 (s and 1H), [0041] After fully drying this 
solid-state, it dissolved in dehydrated ethanol (100ml). Next, the dehydrated ethanol 
(25ml) solution of hydrazine monohydrate (3.6ml 74mmol) was gradually dropped at 
this solution at 0 degree C under argon atmosphere. Then, churning was performed at 
0 degree C for 1 hour, reduced pressure distilling ofF of the solvent was carried out, 
and the target solid-state (2, 6-dinjtro 4-trifluoromethyl phenylhydrazine) was 
obtained. 

[0042] 1H NMR : 4.85 (s and 2H) and 8.41 (s and 2H), 9.67 Further (s and 1H) This 2, 
6-dinitro 4-trifluoromethyl phenylhydrazine, Hydrazine monohydrate (3.6ml 74mmol). 
an acetic acid (16.9ml 296mmol), and sodium acetate trihydrate (35g 259mmol) are 
dissolved in the mixed solvent (100ml 2:1 v/v) of ethanol-water. Bottom 5 hours of 
argon atmosphere, Heating reflux was carried out. After cooling this reaction solution, 
it diluted with chloroform 200ml and 100ml of 0.1 M hydrochloric-acid water solutions 
performed extract operation 3 times. Organic layers were collected, it dried and 
filtered with anhydrous sodium sulfate, reduced pressure distilling off of the solvent 
was carried out, and the specified substance (4-nitro-6-(trifluoromethyl) 




pKi 2.70 



pKa 2.76 



pKei 2^5 
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benzotriazol-1-oar) was obtained. [(10g 55%) 0043] 1H NMR : 4.72-4.98 (m and IH) 
and 9.80 (s and IH), 10.15 (s and IH). 13C NMR : 116.5 and 118.6, 122. 8, 126.5, and 
135.8. 138.0Anal.Calcd for C7H3F3N 403 : C 33.88, H 1.22. N 22.58, F 22.97 Found : C 
33.88. H 1.36. N 22.69. F 22.35[0044] Solubility was high to organic solvents, such as 
an acetonitrile and THF. at 2.70. and also electric dissociation exponent of this 
hydroxy triazole derivative (it is hereafter described as NT-HOBt) did not have 
hygroscopicity. and the activation ability of a friend DAITO unit was higher than the 
conventional activator, [-izing 9] shows composition of NT-HOBt. 
[Formula 9] 

[0045] Composition of 4-nitrobenzo imidazo RINIUTORIFURATO (NBT) and thoria 
ZORINIUMUTORIFURATO (TRT) was able to be performed according to the example 
of a preparation report of benzoimidazo RINIUTORIFURATO (BIT) (Y. Hayakawa, 
M.Kataoka, and R.Noyori, J.Org.Chem.. 61.7996 (1996)) of Hayakawa and others, and 
the specified substance was able to be compounded by high yield. 10 shows the 
composite reaction of NBT and TRT. 
[Formula 10] 



[0046] The detail about a synthesis method is as follows. 

After dissolving 4-nitrobenzo imidazolinium truffe RATO nitrobenzimidazole (7.1 g 
44mmol) in the mixed solvent (50ml 1:1 v/v) of the methanol-ether. while 0 degree 0 
cooled, truffe RATO (3.9ml 44mml) was dropped gradually, and it agitated. Then, it was 
made to crystallize by opening a reaction solution in the ether (200ml), and the 
solid-states were filtered and collected. [(13.2g 96%) 0047] Melting point 
138-140-degree-C(ethyl acetate) IH NMR : 7.97 (d. IH. and J = 8,91 Hz). 8.30-8.34 (m 
and 1 H) and 8.63 (d, 1 H. and J = 2.1 6 Hz), 9.51 1 3(s, 1 H) 0 NMR : 1 1 1 .7, 1 1 5.5, and 
120.5, 131. 8. 135.8. 1 44.7.1 45.4Anal.Calcd for C8H6F3N305S : C 30.68. H 1.93, N 
13.42. F 18.20, and S 10.24Found : C 30.60. H1.91, N 13.44. F 18.28. S 9.21[0048] After 
dissolving 1, 2. and 4-i:horia ZORINIUMUTORIFURATO triazole (3.0g 44mmol) in the 





(1 equtv) 



TRT 
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mixed solvent (50ml 1:1 v/v) of the methanol-ether, while 0 degree C cooled, truffe 
RATO (3.9ml 44mml) was dropped gradually, and it agitated. Then, it was made to 
crystallize by opening a reaction solution in the ether (200ml), and the solid-states 
were filtered and collected. [(9.4g 98%) 0049] Melting point: 

162-164-degree-C(ethyl-acetate-acetonitrile) 1H NMR : 9.31 (s, 1H). 9.33 13(s, 1H) C 
NMR : 142.85AnaLCalcd for C3H4F3N303S : C 16.4. H 1.84, N 19.17. F 26.01. S 
14.63Found : C 16.33. H 1.75. N 19.35. F 25.82. S 14.3[0050] electric dissociation 
exponent of NBT was 2.76 and solubility, hygroscopicity, and its activation ability were 
ideal like NT-HOBt. Although it was poorly soluble a little about TRT, electric 
dissociation exponent was 2.85. and there was no hygroscopicity and it was high. [ of 
activation ability ] 

[0051] In synthetic this example of the dimer in the liquid phase, the TpC dimer in the 
liquid phase by the base part non-protected phosphoroamidite method was 
compounded using the friend DAITO unit and activator which were compounded as 
mentioned above, and the comparison with the conventional activator was performed. 
[0052] As for the amino group of a cytidine, the past knowledge shows that side 
reaction tends to occur from the height of the nucleophilicity. Then, in order to check 
the condensation ability of a new activator, the TpC dimer was compounded by the 
liquid phase this time. 

[0053] First, in order to make a reaction easy to follow by 31 P-NMR, the by-product 
under condensation reaction was compounded in advance, and it started with 
calculating the numeric value of 31 P-NMR. As shown in [-izing 1 1]. the compound (4) 
was able to be quantitatively obtained by making a peroxide react to a friend DAITO 
unit. The value of the 31 P-NMR was 8.03 or 8.33 ppm. ** 1 1 shows 31 P-NMR of 
composition of a compound (4). and a compound (4). 
[Formula 11] 



[0054] H-phosphonate object (5) was able to be compounded almost quantitatively by 
using benzimidazole truffe RATO (7.60 or 7.57 ppm). 
[Formula 12] 




7 = ^ >^ 

I CHaCN I 




quant 



31 P-NMR 

8.Q3 ppm 
8.33 ppm 



|IMIIIIII|lllinili| 
10 0 -10 
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** 12 shows 31 P-NMR of composition of a compound (5), and a compound (5). 
[0055] Moreover, the friend DAITO unit was able to be made to have been able to 
react to the cytidine derivative from which the amino group is not protected by the 
ability having used tetrazole as the activator, and the friend date object (6) was able 
to be compounded with 80% of yield. (5.28 or 5.16 ppm) . 
[Formula 13] 




** 13 shows 31 P-NMR of composition of a compound (6). and a compound (6). 
[0056] It referred to the value of these 31 P-NMR, and the activator in subsequent 
dimer composition was evaluated. After composition of a TpC dimer used the 1 .2Eq 
unit and the 2.2Eq activator for the cytidine which protected the 3 -hydroxyl group 
compounded separately by the TBS radical and carried out condensation in a room 
temperature and 5 minutes, it performed Iodine oxidation. S-ethyl tetrazole and 
benzimidazole truffe RATO which have an example of a report by current for a 
comparison besides three sorts of new compounds were used for the activator. 
[Formula 14] 
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[0057] ** 14 shows composition of the TpC dimer in the liquid phase. Since the 
activation ability of S-ethyl tetrazole was not not much high, it was able to see the 
compound (4) which oxidized while having not activated in the condensation reaction 
for 5 minutes. Therefore, the isolation yield of the TpC dimer at this time was not not 
much so high as 68%. Moreover, since the peak which has the chemical shift of the 
value near a friend date object (6) in this system of reaction is not acquired, it turns 
out that the side reaction to a base part is not starting. This has suggested that the 
direction of a first-class hydroxy! group has high reactivity overwhelmingly, when the 
amino group and the first-class hydroxyl group of a base part are compared in a 
HOSUFICHIRUHzed reaction. The approach of compounding DNA can also call it the 
base part-less protecting method using this reactant difference. Drawing 1 shows the 
result which the TpC dimer which used S-ethyl tetrazole compounded. 
[0058] Moreover, as shown in drawing 2. both NBI and NT-HOBt which are the 
activator used newly, and TRT were able to compound the TpC dimer by 94 and 83 or 
95% high yield, respectively, without causing the side reaction to a base part. 
[0059] Even if it uses the activator compounded newly this time for the condensation 
reaction of the conditions which do not use a protective group for the amino group of 
a base part among the liquid phase from the above thing, it can be said that a DNA 
dimer is compoundable with sufficiently high yield, without causing side reaction. 
[0060] Composition of the nucleic acid in an example 2, next solid phase was tried. At 
this example, at the reaction in the liquid phase, the new activator with which side 
reaction was not observed was used for the reaction on the solid phase which uses a 
superfluous unit, and the side reaction to a nucleobase part was observed by HPLC. 
[0061] The support used by this research as solid phase support for preparation solid 
phase composition of solid phase support is polystyrene 26 whenever [ viaduct ]. In 
this solid phase carrier surface, the first-class amino group of about 35micromol/g 
existed, and the nucleoside which used and carried out succinyl linker *♦ of a 
condensing agent and the DCC was Introduced into this reacting point this time at it. 
Moreover, the amino group of the base part of a cytidine and an adenosine is 
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protected by the DMTr radical in this case. 15 shows preparation of solid phase 

support. 

[Formula 15] 



|5M|iIv» (lequv) f2SM|ulv) 




<5aquhf) ( 1 equiv ) (2S«|uiv) 




[0062] Composition of ApT and a CpT dimer was performed using the solid phase 
support into which synthetic **** of a dimer and the thymidine compounded 
previously were introduced. A composite cycle is as being shown in Table 1 , and the 
evaluation was performed using Opposition HPLC. 
[Table 1] 



^ mm 



1 




CHiCl2 




2 




3% CCIsCOOH/CHsClj 


30 sec 


3 




r^y-{ h3.=:y h(20equiv) 
fiHifbfll {40 equtv) 


1 min 


4 




CH3CN 




S 




lz/Py-H20(9:1,v/v) 


2 min 


6 




CHjCN 





fOOiHU ceneNHsaq 40inin 
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[0063] In composition of ApT. analysis by Opposition HPLC is performed also about 
the case where the tetrazole and BIT other than [ for a comparison ] three sorts of 
compounds of NT-HOBt. and TRT and NBT newly used as an activator this time are 
used. First, UV wave measured with the opposition HPLC chart and photodiode array 
detector of ApT to reference of analysis at coincidence is shown. The opposition 
HPLC chart which carried out synthetic examination on solid phase is shown in 
drawing 4. Moreover, the conditions of Opposition HPLC are shown below. 
[0064] Waters 3D UV detector was connected and used for opposition HPLCWaters 
Aliance system. An operating condition is shown below. 
((A) Conditions) 

Column temperature : 50-degree-C mobile phase : solution A: 0.1 M Ammonium 
acetate (pH 7.0) solution B : Acetonitrile (B: 0-10%linear gradient) Flow rate : 1.0 ml / 
min. 

Analysis time amount : 30 min (conditions B) 

Column temperature : 50-degree-C mobile phase : solution A: 0.1 M Ammonium 
acetate (pH 7.0) solution B : Acetonitrile (B: 0-30%linear gradient) Flow rate : 1.0 ml / 
min. 

Analysis time amount : 30 min [0065] Tetrazole is widely used for the solid phase 
composition using the friend DAITO unit from which the base part was protected. The 
HPLC chart when performing a condensation reaction using this tetrazole is an entry 
1. Many peaks of the side reaction product to a base part other than the target dimer 
can be observed. This shows that a base part must be protected, in order to use 
tetrazole for an activator. 

[0066] Moreover, although or is decreased a little rather than the time of using 
tetrazole at a liquid phase reaction at BIT by which the side reaction to a base part 
was not observed, the peak of the same side reaction product is acquired (entry 2). 
[0067] It is an HPLC chart when using for a condensation reaction by using as an 
activator NT-HOBt compounded this time by the entry 3. The side reaction to a base 
part is controlled farther than the conventional activator used by the entry 1 or 2. 
However, it was observed although the peaks of the side reaction product same to the 
field for holding-time 27 minutes as tetrazole or BIT were few. 

[0068] As mentioned above, solubility of TRT is bad to a THF solvent like tetrazole, 
and it is reaction ****** only in an acetonitrile solvent. The opposition HPLC chart 
then obtained is an entry 4. By the entry 4. although the side reaction product seen by 
the entry 1 -3 was decreasing considerably, it has observed the peak immediately after 
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the specified substance ApT apart from these peaks. ** 1 6 shows the condensation 
reaction following the desorption of a DMTr radical and it by the activator. 
[Formula 16] 




[0069] The peak which was common in this can also check an entry 5. This peak is 
considered to be the ApApT trimer to which chain length was further extended not by 
the side reaction from that holding time and UV wavelength to a base part but by the 
desorption of a DMTr radical. 

[0070] By the entry 6, it is a result when performing a condensation reaction by using 
NBT as an activator among a THF solvent. No peak of the side reaction object 
mentioned above was observed, but was able to compound the target ApT dimer at 
99% or more of rate of condensation. ** 1 7 shows a difference of the behavior of the 
DMTr radical by the solvent. 
[Formula 17] 




[0071] The reason the desorption of the DMTr radical observed by the entry 5 was 
not seen by the entry 6 is considered that the DMTr radical has stopped being able to 
**** comparatively easily in the conditions of an entry 6 due to the buffer 
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effectiveness of THF as described at [Hzing 17]. 

[0072] Moreover, by the comparison of an entry 3 and an entry 6. although electric 
dissociation exponent is an almost equivalent activator, two possibility can be 
considered about the reason only the direction of NT-HOBt causes side reaction. 
[0073] The first is the explanation which paid its attention to the difference in the 
opposite anion at the time of an adenine base being protonated. As shown in [-izing 
18], on condition that an entry 6, the adenine base forms the salt with truffe RATO 
which is strong acid. On the other hand, by the entry 3, it is salt formation with the 
activator itself which is weak acid. 

[0074] Here, it is k1 , k3 « k2 and k1 , and k'3 « k'2. However, k3 Since the life in the 
direction of (10) is long, although it is larger than k'3, and side reaction is not observed 
by the entry 6 from (9), it is thought by the entry 3 that some side reaction started. ** 
18 shows the difference in the opposite anion at the time of an adenine base being 
protonated. 
[Formula 18] 




[0075] The second pays its attention to the activity intermediate field of a 
condensation reaction. It goes via the friend DAITO mold (9) in which activity 
intermediate field have P-N association like [-izing 19] on condition that the entry 6. 
The intermediate field of this friend DAITO mold are generated also when other azoles 
are used as an activator. However, in NT-HOBt, a reaction advances via the 
intermediate field (10) of the phosphite mold instead of such a friend DAITO mold. 
Since the reactivity of this intermediate field is completely different, by the entry 3, 
explanation of not being observed at all is also considered for the side reaction 
observed by the entry 6. ** 1 9 shows a difference of activator **** intermediate field. 
[Formula 19] 
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[0076] Next, the CpT dimer was compounded in the same synthetic cycle as an ApT 
dimer using the above-mentioned new activator. The opposition HPLC chart is shown 
in drawing 5 . a new activator — the desorption of the side reaction and the DMTr 
radical to the base part which was set at ApT composition in the case of which has 
compounded the CpT dimer at the high rate of condensation, without observing. 
Incidentally, the peak for holding-time 22 minutes of an entry 7 and the peak for 
holding-time 4 minutes of an entry 8 are not the thing of the nucleic-acid origin but 
peaks of the solvent origin, 

[0077] Moreover, even if it used NBT in the acetonitrile solvent, the desorption of a 
DMTr radical like an entry 5 was not observed. It is thought that the DMTr radical has 
stopped being desorbed from the desorption of a DMTr radical not having been seen in 
composition of these CpT easily since the basicity of a cytosine base is higher than an 
adenine base. 

[0078] Moreover, side reaction will not be seen by the entry 7, because it is more 
stable than the case where the condition that the cytosine base was protonated by 
NT-HOBt since the basicity of a cytosine base was higher than an adenine base is an 
adenine base, as above-mentioned. 

[0079] Although the condensation reaction using NT-HOBt and TRT has pointed out 
some troubles from the result of old CpT and ApT composition, the specified 
substance was compoundable at the high rate [ be / no side reaction ] of 
condensation with the condensed system which used NBI in the THF solvent. 
Hereafter, it focused on this activator and synthetic examination of ApA, CpC. and 
GpT was performed. In composition of ApA and CpC, it was used as solid phase 
support which introduced dA or dC into the end prepared by 3-2. Although the amino 
group of the base part of dA-dC introduced into the end is protected by the DMTr 
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radical, it needs the acid treatment of long duration for the deprotection of this DMTr 
radical rather than the case of the deprotection of the DMTr radical of a hydroxyl 
group. This time, according to the example of a report of Wada and others. dC 
processed for 30 minutes with the 3%TFA-dichloromethane solution for 5 minutes 
with the 1%TFA-dichloromethane solution, respectively, and dA performed 
deprotection. ** 20 shows the reaction of the deprotection on the solid phase of the 
DMTr radical introduced into the amino group of a base part. 
[Formula 20] 




[0080] Although the solid phase composition cycle is the same as that of the time of 
previous ApT composition fundamentally, only nitro bends imidazolinium 
TORIFURATO is used as an activator this time. Moreover, in the condensation using 
dG friend DAITO, since a trityl radical tends to since there is almost no basicity 
in a guanine base, and the past knowledge shows, as for a guanine base, not causing 
side reaction and it is not necessary to protonate a base part, only 20Eq of a friend 
DAITO unit and the equivalent of activators is not used. It starts below and the 
opposition HPLC chart of ApA, CpC, and GpT which is not refined [ immediately after 
and ] is shown in drawing 6 . 

[0081] The specified substance was able to be compounded without causing side 
reaction at the high rate of condensation again in which case. 
[0082] In synthetic examination this example of the DNA tetramer using example 
3NBT as an activator, synthetic examination of the DNA tetramer using NBT as an 
activator was performed. It was made to react for 1 minute like the time of dimer 
composition using 20Eq of units, and 20Eq of NBT in dG at a condensation reaction 
step in dA and dC, using 20Eq of units, and 40Eq of NBT. It was the same as 
composition of the dimer which also mentioned the synthetic cycle above, iodine 
processing was carried out to oxidation, and logging from solid phase performed 
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ammoniation. It starts to drawing 7 and the opposition HPLC of AAAT which is not 
refined [ immediately after and ], CCCT, and GGGT is shown. The synthetic result on 
the solid phase of GGGT which used NBT for drawing 8 is shown. 
[0083] Consequently, composition of a tetramer could also elongate chain length at 
high condensation effectiveness, and most side reaction to the base section was not 
observed. The mass spectrum is performing the check of these peaks. As seen by the 
entry 6 and 9-15, when NBT was used as an activator, the base part was able to 
perform chain expanding satisfactory at all to the tetramer also under the conditions 
of not protecting. By the base part non-protected phosphoroamidite method, it is the 
first thing, and although things were made as for this to the target to skip the step 
which carries out cleavage removal of the P-N association which was required for the 
technique to the former, and which is produced as a result of side reaction, and to 
compound a DNA oligomer, it is not an overstatement. 

[0084] In synthetic examination this example of the DNA oligonucleotide using 
example 4NBT as an activator, 39 (CAA) **** are compounded for DNA synthesis 
examination of longer chain length. The protective group of 5' hydroxyl group is using 
the friend DAITO unit whose protective group of the Lynn part is a cyano ethyl group 
by the DMTr radical, using the solid phase composition cycle (Table 1) which 
mentioned synthetic conditions above. Non-refined anion-exchange HPLC is shown in 
an entry 1 6 immediately after logging at that time. 

[0085] Although the peak of the target 9 "Me^Mc was observed by Maine, chain length's 
long side reaction product became a problem from the specified substance which was 
not observed in the DNA synthesis to a tetramer by this composition. This side 
reaction does not appear only within the array 3 (CAA). and is observed also in the 
composition of C6T shown below. 

[0086] Reducing the class and chain length of a base of the purpose compound 
compounded C6T here, and it is for simplifying analysis of a reaction more. The 
protective group of 5' hydroxyl group is using the friend DAITO unit whose protective 
group of the Lynn part is a cyano ethyl group by the DMTr radical, using the solid 
phase composition cycle (Table 1) which mentioned synthetic conditions above. Also 
in this case. (CAA) like the time of 3. although the peak of the target 7 **** was 
observed by Maine, the side reaction product with chain length longer than the 
specified substance was seen. 

[0087] Then, in order to control this side reaction, two actuation is performed this 
time. In the first actuation, the protective group of 5' hydroxyl group of a friend DAITO 
unit was changed to the MMTr radical from the DMTr radical, and the condensation 



21 



reaction was performed. Another is performing the condensation reaction using the 
friend DAITO unit which changed the protective group of the Lynn part into the 
methyl group from the cyano ethyl group. It is to have performed actuation which 
changed the protective group of 5' hydroxyl group of a friend DAITO unit to the MMTr 
radical from the DMTr radical from concern whether did the desorption of a DMTr 
radical occur and accumulate during the condensation reaction, and the side reaction 
product with chain length longer than the specified substance was observed. Although 
the solid phase composition cycle (Table 2) mentioned later is used for the synthetic 
conditions at this time, this has set up the reaction time of detritylation for a long time 
as compared with the synthetic cycle used until now. 
[Table 2] 



1 








2 


BtDMTrfb 


3% CCIsCOOH/CHsClj 


2mln 


3 




TSy-f h(20equiv) 

mmsm (40 aquiv) 


1 min 


4 




CHgCN 




S 




I2/Py-H20t9:1,vlv| 


2min 


B 




CHaCN 








cone NHa aq 


40 min 



[0088] Non-refined anion-exchange HPLC is shown in an entry 18 immediately after 
logging of C6T compounded using this synthetic cycle. As the chart of drawing 1 1 
shows, a side reaction object is not different from before at all, and is observed more 
back than the Maine peak. This showed that this side reaction was not starting by the 
desorption of a trityl radical. 

[0089] before — Letsinger et al. (S.M.Gryaznov, R.LLetsinger, J.Am.Chem.Soc, 113, 
and 5876(1991). — ) S.M.Gryaznov. R.LLetsinger, Ncleic Acids Res., 20, and 
1879(1992). Even if the protective group of the Lynn part activates the friend DAITO 
unit which is a methyl group and changes into an imidazolide object, with alcohol, it is 
checking not reacting by 31 P-NMR. It also turns out that it reacts with alcohol and 
the imidazolide object which, on the other hand, activated the friend DAITO unit 
whose protective group of the Lynn part is a cyano ethyl group forms phosphite. 
[Hzing 21] shows the effect which the protective group of the Lynn part has on a 
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HOSUFICHIRU-ized reaction. 
[Formula 21] 




[0090] That is. the effect which the protective group of the Lynn part has on a 
HOSUFICHIRU-ized reaction will be large, and will change the reactivity of a friend 
DAITO unit fairly. Then, the condensation reaction was performed using the friend 
DAITO unit which changed the protective group of the Lynn part into the methyl 
group from the cyano ethyl group as one actuation in which I accept it in order to 
control the side reaction to a base part based on such knowledge. It is the purpose to 
make reactivity of a friend DAITO unit low and to control the reaction to a base part. 
[0091] Although beta elimination of the cyano ethyl group used until now is carried out 
by ammoniation and deprotection is carried out, as shown in [Hzing 22], benzenethiol 
processing is performed on solid phase here for demethylation. After performing this 
processing for 1 hour, the usual logging actuation was performed and the resultant 
was acquired. 22 shows the reaction of the demethylation on solid phase. 
[Formula 22] 
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The synthetic cycle at this time is shown in Table 3. 
[Table 3] 
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The composition (anion-exchange HPLC) on the solid phase of C6T using NBT is 

shown in drawing 12. 

[0092] 

[Effect of the Invention] According to the synthesis method of the nucleic acid of this 
invention, the advantageous effectiveness that a desired nucleic acid can be 
compounded more quickly and correctly is done so. 

[0093] Moreover, according to the synthesis method of the nucleic acid of this 
invention, since a composite process can be shortened, the advantageous 
effectiveness that a nucleic acid can be compounded simpler is done so. 
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-^7 D P-2. h P-4- h U 3';U7^/%)U'<>t^>^:- 

jSfc-D LNT <7)»$a l*jaT<0® y T* i> o 
[0 0 4 0] A'=. h P-6- ( hU 3?JU:t P 5^;U) ^ > 1/ 

T;Uzr>|?H^T. m;Sr*4-^PP-3.5-v- hP^> 
y h';37;U:t^-< K(20g 74mmol)CD>^y— ;US;'«(80jn 
Die. i-h'J^J^M^ h^iy\^a.5g ^3Qmo\)(DJ^^y — 

)\^mm{30m\)^t^.^izmTL. mn^^^-otzo 30^^. 

5i«$lHliRL. JSj«$3aiES*LeM<D@(*(2.6-v- 
h P4- h U :7;i.:t- P 5:;u7' - V— ;W ^fifco 

1H NMR : 4.10( s. 3H ). 8.15( s. 1H ). 8.23( s. 1H 
). 

[004 1] c:(Z)H{**+»lc$£jS*iJ:fc^. «l7Kx4^ 
y-;K100ml)lcJgSLfco Sfcir. C(7)}§jSlet 




83% 



>— 7KfQ*& (3. 6m I 74mmo I ) (D^7kx ^ y — (25m I ) 

W(7)@i* (2. 6-iy— h P4- h U :7;u:t P ^^u:? x -;u 

[ O 6 4 2 ] 1H NMR : 4. 85 ( s. 2H ) , 8. 41 ( s. 2H 
). 9.67 ( s. IH ) 
e>lc. C<7)2. 6-v— KP4- h 'J 77;U:tPp«5"VU*7x::^ 
K^v>. t K^v>— 7Kfa!^(3.6ml 74mmol). St 
K(16. 9ml 296mmol) ^- LTK^-^ h 'J ';7A=7Kfl]!fel (35g 
259mmol)^x5ry—ju-7Ka);E^?§j« (100ml 2:1 v/v) 

tzc C(DJ£j£}tiaE^;-%a]Lfc^. ^7PP7txjiUA200mir' 
ft|RL0.1MffiK7K?SJS100m|•r?3Il]at^ilift^^Tofco ^ 
tgJl^Il]i|XL^7Ke!EK^ h'JOA-el£)iLT5igL. 
J« ^ MJES* $ -a: a (4-- h P -6- ( h U 3? P 7* 
h'JTy-;u-i-:*— ;U)^»fco (lOg 55%) 
[ O 0 4 3 ] lH NMR : 4. 72 -4. 98 ( m. IH ) . 9. 80 
( s. IH ), 10. 15 ( s. IH ). 

13c NMR : 116.5. 118.6. 122.8. 126.5. 135.8. 138.0 
Anal. Calcd for C7H3F3N4O3 : C 33.88. H 1.22. N 2 
2.58. F 22,97 Found :C 33.88. H 1.36. N 22.69. F 
22. 35 

[00 4 4] CKDt Kp + v hUry— ;U^^i* (Ui. 
T. NT-HOBttlBSe-Ti)) (7)pKali2. 70r*Tiz h- h U ;u 

^iHFfji i:(Dmwimm[zmmitt<miM^fi^. najsi* t 

[<b9] 



(6) 




[0 0 4 5] 4--ha^l^V^^^^^/iJ-r^ hU^'^ — 
h (NBT) t h U T y U - O A h 'J ^ - K (TRT) (D^fS, 
its ■PJIIC><7>^>V^-r S^^yU^'t? K'j:7^- h (Bl 
T) (Y. Hayakawa. M. Kataoka, and R. Noyori. J. Org. 
Chem.. 61. 7996(1996)) (7)PSJ^^0)J^r^^or^Tt^. 

1 tJRJO^fStO^li^^Tjkfo 



[^bi o] 

Pi 



(lequiv) 
TfOH 



MeOH-EtaO 



<1 equhf) 
TfOH 




TRT 



TfO" 



96% 



98% 



[0046] ^iSaicoiNT cop*fflf*iaTa>ii y -efc 

-So 

— h 5 ^y— ;K7. 1g 44tmol) ^ > y — ;U- 

X— 7^;KD;l^jgj«(50inl 1:1 v/v) (CJ§fi?3F1i-f=W^. 
0°c;lJa L h >Jy3— h (3. 9ml 44niml) ^^>57lcja 
TU, mn^n-otz, -f-O^. SlE5SjS*x-^;K200 
n)l)lcfeltSzi:T*iea^b*-l±. ^•(DHt*:S?>iaLlHlJ|X 
Lfc. (13. 2g 96%) 

Co O 4 7] S4.« 138~140°C(BtKx5^;u) 
1H NMR : 7.97 ( d. 1H. J = 8.91Hz ), 8.30-8.34 ( 
m. 1H ). 8.63 ( d. 1H.J = 2.16 Hz ). 9.51 ( s, 1H) 
13c NMR : 111.7. 115.5. 120.5. 131.8, 135.8. 144. 
7. 145. 4 

Anal. Gated for C8H6F3N3O5S : 0 30.68. H 1.93, N 1 

3.42, F 18.20, S 10.24 

Found : 030.60, HI. 91, N13. 44. F 18.28. S 9.21 
[0 0 4 8] 1,2,4-m7'y'J-'t>A h'j :7^— h 



h 'JTV— ;K3.0g 44mmol)^.?t ^» ^ — ;u-x— rJUO);! 
^j§(«(50nil 1:1 v/v)(C}§P$-ti-fc(D*,, O^CJfJaiL'Jf 

h'J7^— h(3.9ml AAm\)^^^lzmTL. 
^ftofc. i<D^s SrE5S?S$x-^jK200inl)(cfelt 
iZtX^i^&ittSii:, ■E-(7)@i*:$?>jliLlHlJ|JlLfc. (9.4 
g 98%) 

[O 0 4.9] : 162~164''C(itKx^;U-7-b h- 
h'J;U)lH NMR : 9. 31 ( s, IN), 9.33 ( s, 1H) 
13c NMR : 142.85 

Anal. Calcd for C3H4F3N3O3S : C 16. 4, H 1. 84. N 1 
9.17. F 26.01, S 14.63 

Found : C 16.33, H 1.75, N 19.35, F 25.82, S 14.3 
Co 0 5 0] NBT(7>pKa(i2. 76"??. NT-HOBtt p]^(c, m 

TRTIZB9 L T I*. ■V>^f>8t?gtt t? -5 =fe <DOpKaA<2. 85 . 

Co o 5 1 ] m^X'<D—mi^(o-^fS, 

-r h;ilc,fe^;-«*Br'<DTpC-at*:<7)^fie*fc^'SLV «£ 

Co 05 2] v^iJxTJTsy^ii. -e<»*iK1±a)iS$ 
& t o i t,SiJSJC*<Sc: y -x^f INC t tm^(DiaM.i)^ 

CO 0 5 3] 31p-^lMR•T?s^6^Jat^•v>•r 

tb. ^■^i^ft'p(DW\±m^immiz-^^L. 3ip-nmro 
lafii^3^«)Sc^:A^p>l*l:^ftfc. nbi MizTHf^o 

Tsy-l' hl-jS^<b!|^3^SJ£:*l+-S)Ci:-e 
it-t^ (4) *SaM(c»i,CtA<r'#fc. ^-oSlp-NMR 
(Dfill*. 8.03. 8.33ppni-e&ofco -(blltt, ib^ia (4) 
(D-^SS-tit-^^ (4) (031p-NMR^ 5i-r. 

C<b 1 1 ] 



(7) 



(4equh4 
— |-0OH 



DMTi 



CH3CN 

lOmln 




quant 



8.03 ppm 
8.33 pprn 



|iNiiiiii|iiiiiiin| 
10 0 -10 



[0 0 5 4] H-7f^X7n:^"- h{* (5) it. ^lyX^^^ 

<2oquIvJ 

H2O 




^C<t;!)<T*#fc(7.60. 7.57ppm)< 
lit^ 2] 




CH3CN 

r.t« lOndn 



it^ 2ld:, ■(b^^^(5)(D^J5gi:<b^!^(5)<7)31p-NMR^a^ 
■To 

[0 0 5 5] TS>'SA<eSI$tLTL^3^^t^i/^S5 




quant 



7.60 ppm 
7.57 i^m 



'^P-NMR I ] II i 1 i 1 1 1 1 M I II I M.i| 
10 0 -10 

J$-r€>C:t;!)<-e^fr (5.28. 5. 16ppm)o 

lit^ 3] 



(1.5 equiv) 



(1.5 ftquiv) 



DMTr< 




Py - MjO (9:1 vAr) 
r.L* Smin TBS 




TBSO 



NMR 

ppm 





(6) 








S.28 ppm 




5.1 6 ppm 



( um i ii i iu i mnn 

10 0 -10 

crude NMR 



pTTrrrrTTJTTTTTTTtTI 
10 0 -10 



3f*. if^^ (6) <7)a-^i:^b^«g(6)CD31p-NMR^ 
[0 0 5 6] ::;a^CD31p-NMR(D(l$##lCL. l^AHCO 

(1.2 equiv) (1 aquiv) (2.3 aqulv) 



DMTi 




activator 



[<bi 4] 




't ^ QMTK 

TBSO 



[0 0 5 7] ^b1 41*, ;"a*a-C(0TpC-a:<*<7)&fi£$n^ 
-To S-X^;Ut^ h^y->U±^-(7);gtt<bt6A<&^yiS< 

'Ei:L%fc», 5^^•roi^^sfE-etts^t^b$*l^i:t^**K^b 



(S) 

lcjfit%fi|<D'!r5*;u->P h toe—:? t>+L-ri.^^f 



(8) 



[0 0 5 8] *fc, EI2IC5^-r«fc3lC. |I^L<ffll^fcS 
ttftSiJ-efe-SNBk NT-HOBt^- L-CTRTtt, ttlcffiSfiP 
(4'N<z)iiJSj5$fic-rct)5:<, ^•*ff'*i94. 83, 95% 

[0059] &.±a) C t A^ C) , #IaJSia(C-&J5E b fciSIt 

»iSt^i|X*T?DNA^S»:a)^^^ ft ^ c i: A<r ^ -5 i: ^.^ 
[0 0 6 0] 



OMIlri 




( 1 equiv ) 



[006 1] @iga<»g)iga3 

I*, iSfSSffiJS7H'JX5^U>26)-ejF,s„ wfl)®ffiai*:S 
ffitCli, fcJ:-?-35i«mol/gro— iffi(»T5y»A<i¥ft LT 
tNT, <%-|sllic:<DSrE^ICi^^SlJ • DCCSffllxT+>->-> 

f®, ->5^i;>i:T7^y ->>a)i^SS|5a<D7 5/'Sl*DMTr 
[<bi 5] 

[ 2Sm|uv) 



DCC 



Pyridine 
r.t, 12h 




22 u mot/'a 



(SequW) 



mOMTr 



( 1 eqiiv ) 

m.m |>tn_i->_ri_n-^^ 



occ 



OMTr< 



P/rldine 
r.t. 12h 




30 mol/^g 



DMTi 



{ 5eq%flv ) 

JJHOMTr 



(lequhf) 



(25oquiv) 
DCC 



^ OMTi 



HNa, 



r,U 1211 




28 tfmol/g 



[0 0 6 2] Si i3:^-rjiyr*fey. 'f•oi¥^ffil*i3^^gHPLc^ffil^T^T 



1 


»^ 






2 


KDMTrft 


3% CCI^COOH/CHsCIs 


30 sec 


3 


«^ 


«ttflS«l (40 equlv) 


1 min 


4 




CH3CN 




5 




l2/^Py-H20(9:1.v/v) 


2 min 


8 




CHaCN 





^QttlU concNHjaci 



40 min 



(9) 



[0 0 6 3] ApTOJ^jaicfclxrii. #lHl«r«lcS14<b 
S^Ji:LrfflL^f=NT-HOBt, TRT, mJO=ma>it-^<^a>m 

■:3L^T^,j£^SHPLCICJ:^Sflf^^T■^rL^-5o ^"T. ^* 
<D##(-ApT<Dj£<aHPLC^-\'— hi h^f-l';*-— 

: SO^C 

^iSffi : solution A: 0. 1 M WfMT (pH 7.0) 

solution B : 7-tzh— i^'J^U (B: 0-10%linear gradient ) 
SaS : 1. 0 ml / min, 
»*t^Fb1 : 30 min 
(^#B) 
*vASS : SO-C 

^nffi : solution A: 0. 1 M ltKT>=E-'!7A (pH 7.0) 

solution B : T-bh— h'J^U (B: 0-30%linear gradient ) 
: 1.0 ml / mino 
i^m^m : 30 min 
[00 6 5] ^h^V-JUt. ^»SIH4A<«a^tifc7 
Z^-i ho.--:/ h^fflt^fc@ffl^fiElcj£<fi!ffl$4xrLN 

LC5^V- h*<X> h 'J— IT-fc-So afl*Ifl>-«(*(DI5A> 
l^t, ^»g|51i-^<7)ii]J5l£^fiE^a>e— 9 S^gfelSSilt- 

sijicffl IN fc «>ici*, ifisspfiti*je5'-r«a l js: itnifs 

[0 0 6 6] *tc. ;'SfflJ5fC-CI*^»a5a-^roiiJJ5l£A< 

J: y l*««-3b^«**<. p CIiJSiE^nEtia) tf — ^ c, 
:K-5(x>h'J— 2)o 

[0 0 6 7] l>h'J— Sr-li. ^Isl^jjgLfcNT-HOBt^ 
}S\titmt L■cal^S^E(cfflL^fci:^(DHPLC^■^'- ht? 



±1?^fi!c«SWL^:j£fflHPLC^^-h^5i-r, JUT 

[0064] agffiHPLC 
Waters Alienee systemlcWaters 3D UV detector^^i^ 



A^L. «JtB#|B]27»(7)^igEir^ h^^/— ;UAf>BITi:|^i: 

[0 0 6 8] m5EL/iJ:3t~TRTI*. "t" h=y '/-)l^tm 

tf-ecD^KlSffofro ^■<r)t3^l#c>4xf=ii£fflHPLC^-v- 
h7!i<x> h'J— 4r'fc'S, x> t- ij— 4-e(i. x>hU — 

c:+if>a)t°-<7i:ld:SiJ|c, Bfi<j!^ApTa)i£^rctf— ^7A< 
ffijU-^^fc, ■(bl 61*, 5S14<bai|lcJ;SDMTrS(7>BiSlt 

[<b1 6] 



OMTi 



CH,CM Jp-t>n 




[0 0 6 9] C^ttftiSLfce— J7l*, X>h'J— 5-e 

iSSgPii'^roiiJSf&T-li^C < DMTrftcDBttilil- J: y $ 
l=tl:l:A^#u:fcApApT=gt$: t #^ f>*t-5. 
[0 0 7 0] l>h'J— 6-C(*. THFJ§!«tt>. NBT^SIt 



I*. j§j«lc<feSDMTrtt(D^iJ)<D<aJli&jF-r, 
[<bi 7] 



(10) 




CH,CN 





no cisavaga 



[007 1] x> h 'j— 5T-tiai]$;KfcDMTrSOffii^*< 

7 ] ICIH LTL^^ J: 5 l=THF(7>/<'V :7 T-JaafCcfc y X > 
K 'J-6(D*frl:I^5L^T[)MTr*A<tt«6<IB^^IItLIC< < tj: 

[00 7 2J x>hU— 3i:x:^K'J— 6(DJt« 

T- . pKaj!i<l5lSHS¥ «:Stt<b#JT' & -5 (Die t A^3^)^^5 & 
f , NT-HOBt© :^<D <?^*<BlJ JglS^eCfSSlCOL^TZ: 

[0 0 7 3] -• T-r->i®»A<:^n h>^b$*t 

CEOf'SlH 



xi/hU-3-Ctt. ^KT?fcS3ltt<b*je*i:(0^ 

[0 0 7 4] CCT'. ku k3 « k2'St>i;i~ki. k' 3 < 
< k' LA^Lka 3J:y:*:^<. O) J: 

y (10) o):^(D»^j!)<SL^fci<). x:/ h'j— 6T?i*iijja 

rE:A<ffiSi)$tt'tClMttti: x> h 'J— 3t?(3:. 

A<:^n h><b$*ifclS(DS*7'-:i-i/CDSi^£5^-r. 
[<bi 8] 




[0 0 7 5] --otbit. f^^s.ji^comit'pr^mzmsL 

fctCDT'ibS. X> K'J -6(7)^14^ -e I*, [-(bl 9](Dcfc 



7T-f hM(D4'Pp1«:(10)$ISfiLSfSA<itfT-ri>o C(7) 
4'PBW<7)SrEttA<^<5S5/ci^. X> h u-3-eii«sii 
* +i.-5liJj5lJ:A<x> h U -6r'l*± < Sg^|y$*^.^»:t^i: IN 

[<b 1 9 ] 



(11) 



DMTi 



ROH >— ' 




ROH 



Ok, 



ce 



[0 0 7 6] *lc. J:«E<D»f»;S14^kSiJ^fflUr. ApT 

-Si* t mmo-^m-*)-^ ;u-ecpT - gt*:fl)^jS$?T o 

^Jl^-rHro^^(::fcl,''Tt. ApT^»^e(c^JL^-Ci^b4^fc 
^»SS<4'^©iiJSJC • DMTr»<OBigtli. S/lij-r -5 Z.tU 

[0 0 7 7] NBT$r-fe h- hU^^^S^«t^^?fflt^ 

T t . X > S >J -5(7)flltEDMTrS(DBi^ttS,H $ ti^t A^ 
ofco C^^^)CpT<D^J^E(-j3L^rDMTr*fl>aJ^IltA<M^>*l. 

y t^l^fc«)DMTr»A<ffiiJlt Lie < < ^SoT L^^. t & 

41. •So 

[0 0 7 8] *f=, X> h'J— 7T?IimH;A<i^t>4x'St^ 
J: y tSlL^fcto, «> l-*>i/ie*A<NT-HOBtlcd:oT:'P 

HHOMTr 



DMT 




[0 0 7 9] CtL^-COCpT. ApT^^(D$g^A^P>NT-HOB 

jStt^b^J(c^S^$i^-^rApA. CpC. GpTro^JjE^^W^tr 
■ofzo ApAi:CpCCD^fi!t-ei4. 3-2. "C'lHS Lfc5l^5glCdAt 

A UfcdA • dCOffiSSP^OT 5 ^ SI4DMTrS-C«a$+l, 

TLN^SA^ C<ODMTra(7)Sft^aicli7XK»<7jDMTrSroflft 

It. fPBB ^a>a^ClJIC«feL^dAI*1%TFA-v^7 D P > ^« 

}&-^5i^ra. dci43%TFA-y ^7 o p y >5g5«-e3o$j-ra^- 

[ib2 0] 



1%TFA 



rJL Smln 




OniTi 




3%TFA 



rjL 30min 



[0 0 8 0] @ffi^jS-y--l'^;H4»*a<jlcl45tS(7)ApT 




ApA. CpC. GpTO)j£fflHPLC^-\— K^meic^^-f, 
[008 1] t*<Dii-&lCfca^Tt, ^L>^&^-eSfcilJ 

[0 0 8 2] Hffi^a 

mi^fSmtmt LTffil^SDNAegg^»g)^fiE:Blit 
*II^S«IJ^=^5L^T. NBT^JSIt^b^t LTfflL^SDNAEgS 

fiE^tl^^lc, dA, dC<Oii^l4i;i-y h20aai:NBT40 



(12) 



ytliLiS^ • *I»SS<7)AAAT. CCCT. GGGT<D2l*aHPLC^ni 

[0 0 8 3] z(Dmm. Eas«:<D^j$r-ts 

I*. massX-^^ h-;Hc<fcy fcC^CoTl^-S, xi/h'J — 
6. 9-15-cmr^fcJ:5l::. jSIHbSUi: LTNBT^fflL^ 

^^BSiUf^^f ■S;^^-y:>'^*HSL, DNA:*-'J=f-7-^ 
^iS-r S i: 3 a «lc c i *<-^ # t s o T t ja a T- 1* 

O 8\4 ] SIS6C!1 4 
mit:7S^itmt LTfflt^^5DNA:j-'J =f3t^ U?)h5^ Kg)# 

(dAA) 3931* ^ ^fiE L T U^ i> „ -^^Ifett^ttglii L fcHlB 

■r. 



[0 0 8 5] iW09Si*<;)t'-^7l*>'f 
mmttji^fzo CCDiiJSEEI*. (CAA)3i:l^5i^?'l(cKo 

[0 0 8 6] cc:■ec6Ta)^J^^^^Tofc<ol*. BW-lb^ 
-y-'f^;u («i) ^mi\ ^fc. 5- *ii»<r)^ai»A<D 

AA)3a)i:#i:l^«l, Bfl*l<D7«t*:(De— ^lip^ 'T 

afi*i!|«aJ:yiii«a)«t^iimjc±j«i«!i*< 

[0 0 8 7] ^ZV. COTiySFE^fflflJ-r^tctolC^Hl 
^W' ha.=.-y h<05' 7KK«<7)«S*^DMTr«*^e>IIIMT^ 



1 




CHaCiz 




2 




3% CCI^COOH/'CHzCI, 


2inin 


3 




TSy-f h3.z:'> h(20eqiiiv) 
mmcM (40 equiv) 


1 min 


4 




CHaCN 




5 




•2/Py-H20(9:1,v/v) 


2 min 


6 




CH3CN 





^DHib concNHa^q 



[0 0 8 8] C(D^jig-9--<^;U^ffltvr^iiELfcC6Ta) 
ftjytBLit^. *fBai!a)IS-r;*->X«iHPLC^x>hU- 

la ml i: ± < ^ > ^ > ^ J: y ^ 7> 3f ;K 

o r C -3 T t^fcOT* li^St^ C i: o fco 
[0 0 8 9] lUmJ. Letsinger»^( S. M. Gryaznov. R. 
L Letsinger. J. Am. Chem. Soc. .113. 5876(1991).. 



40 min 

S. M. Gryaznov. R. L Letsinger. Ncleic Acids Re 
s.. 20. 1879(1992). )tt. U >gpfia)«a»;!»<> 5^;U 

<*fr^^LX tiT^Ua— ;Ui: (iJSJS L^fl^C t ^31p-nm 
R-eSi^LTl^So 'J>Si5a<D«mS?5<vTy X 



(13) 



[<fc2 1] 
DMT 

ROH 



;2 1 ] 



ROH 



no reaction 



■c. iSSSS(4-^(DSjJ;siqi*ij-r-SctA<BM-efc4o 

[O O 9 1 ] ^S-efflLNT^fc. >>T>'x^;Uft|±T> 
[Ib2 2] 



[ o o 9 o ] o$ y . 'J >8Pfio«aa*<7t-^;^ ^ ^ ^ 

DMTr 



NH 



* PhSH-Et3N(1 



dioxane 




NH, aq 



r,t, 40mln 



DMA 



1 




CH2CI2 




2 


JUDMTrft: 


3% CCIaCOOH/CHjCI^ 


2 min 


3 




7^it^ hJLTlt/ H20eqiiiv> 
m"^^ (40 equtv) 


Imin 


4 - 




CHjCN 




S 




l|/'Py-H20(9;1.v/ir) 


2 min 


6 




CHaCN 






mm 


PhSH - EtaN - dkixane (1:1:2, v/v/v ) 


1 h 






cone NHaaq 


40 min 



$iiii2i=^-r, 

[O 0^9 2] 

[0 0 9 3] *5IM<D^SS<D^fi£j£lC<fcHtf. ^ 



[02] BIT. NET, NT-HOBt, RI/TRT^fflLxfcTpC- 

[0 3] ApTOiSlfflHPLC (Ifefi^A) tUV^i^-r. 

[12141 @1i±-C-a)ApT^fi£<Di£ffiHPLC (^ff^A) ©IS 

[051 CpT-S<*:fl)@4a^fiK0j£ffiHPLC (^frS) (D 

[il6l NBT^fflf'fcCpC, ApA. GpTa>@ffl±-C<D^fiE 
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